The effect of chitosan/nano-titanium dioxide coating with antimicrobial agents on ready to eat cantaloupe fruit by chilling was investigated. In comparison with uncoated samples, ascorbic acid and juice leakage in chitosan/nano-titanium dioxide (CH/TiO 2 ) treated fruit were significantly maintained. Likewise, the decrease of malondialdehyde (MDA) and total soluble solids (TSS) in chitosan/nano-titanium dioxide/thymol/tween (CH/TiO 2 /TT) coated fruits was also inhibited. Total mold and yeast population counts decreased from 2.60 to 1.60 log CFU/g, respectively. Moreover, activities of water (AW) and polyphenol oxidase (PPO) were also much lower than those in control sample fruit. The results indicated that (CH/TiO 2 /TT) coating was effective in enhancing the shelf life with acceptable in the internal and the external cantaloupe fruit quality.
Introduction
Ready-to-eat-fruit and vegetable productions become vital as consumers are more and more conscious of healthy food intake. Therefore, ready-to-eat cut fruit is an alternate to the whole fruit consumption [1] . In general, melons are extremely difficult for direct preparation and consumption before eating that makes them convenient to be processed as ready-to eat fruit [2, 3] . Also, process operations as washing, dehydration and packaging may cause some alterations, resulting in a series changes associated with microbic susceptibility, physicochemical and sensorial stability, that decrease shelf life and overall quality [4] . Cantaloupe is consumed worldwide [5] [6] [7] [8] with its strong flavor, aroma [9] ; such as Ritanol, β-carotene vitamin B complex and C; potassium, calcium and iron [10] . Studies on shelf life improvement are in depth with the packaging application such as modified atmosphere [11] , irradiation, UV light and ozone [12] , edible coatings and films [13] . The advance of edible coatings to extend the shelf life of ready-to eat fruit has been investigated [14] . Any material used for wrapping foods to increase their shelf life which can be eaten with or without any further removal is well known as an edible hybrid film or coating [15] . Nanotechnology has used vital metals, which currently used to reduce nutrient loss [16, 17] . The physiological, chemical and transport characteristics are modified when nanoparticles are added to ordinary liquids compared to their base fluids [18, 19] . Chitosan can provide films with good properties [20] . However, chitosan has weak tensile stress and enduringness once wet. It's rigid and has poor elongation properties. Nano-titanium dioxide (TiO 2 ) can be a photocatalyst and wide utilized as a disinfecting and self-cleaning material for coatings in several applications with a large spectrum of microorganisms [21, 22] . Nano-TiO 2 is non-toxic according to the American Food and Drug Administration (AFDA) to be used in human food,
Treatment and Storage
The cutting utensils and cantaloupes were washed with running water. The fruit were cut into regular pieces with a 3 cm diameter [24] . The spherical cantaloupe pieces were coated using different coatings solutions for 2 min. Four different treatments were used as: (1) Uncoated (deionized water); (2) chitosan (CH) (85%, w/v); (3) chitosan/nano-titanium dioxide (CH/TiO 2 ) (1%, w/v) and (4) chitosan/nano-titanium dioxide/thymol/tween (CH/TiO 2 /TT) (1%, w/v). The fruits were dripped for 1 min, placed on a trellis shelf and dried at room temperature (25 • C). Approximately 250 g of coated cantaloupe pieces was packed into 40 mm thickness polypropylene bag and sealed. Samples were chilled and conducted every 2 days. Microbiological analysis (mold and yeast population counts), physical analysis (juice leakage and color) and chemical analysis (pH, titratable acidity, total soluble solids, ascorbic acid and malondialdehyde) were detected. Besides phenolic enzymes (polyphenol oxidase and peroxidase) and water activities were measured.
Microbiological Analysis
Microbiological analyses were performed by evaluating total mold and yeast population counts [25] . Sample (25 g) was homogenized with (0.1%) sterile peptone water for 2 min in a ratio of.1:10 (sample: peptone water, w/v) using a lab blender (FP190 Series, Kenwood, Shenzhen, China) under sterile conditions as Rose Bengal Medium (RBM) for total mold and yeast population counts which incubated for 5 d at (28 • C). The results were expressed in (log CFU/g).
Juice leakage was examined every two days during until the end of each storage time. Surface color was evaluated by using a ZE-6000 Color Difference Meter (Nippon Denshoku, Kogyo Co., Tokyo, Japan). Values of L*. (lightness), a* (green-red chromaticity) and b* (blue-yellow chromaticity) were recorded [26] .
pH, Titratable Acidity, Total Soluble Solids, Ascorbic Acid and Malondialdehyde Measurements
Cantaloupe pieces were blended using a blender (FP190 Series, Kenwood, Shanghai, China) and the pH of the juice was measured using a digital pH meter (pH Electrode Probe BNC, Arduino, Shanghai, China) according to the Official Methods of Analysis (AOAC) 981.12 [27] . Titratable acidity (TAA) was determined using the titration method according to AOAC method 942.15 [27] . The results were expressed in % citric acid. Total soluble solids (TSS) were measured using a digital Coatings 2019, 9, 828 3 of 10 refractometer (Atago Co., Tokyo, Japan) and expressed in %. Ascorbic acid content was detected using 2, 6-dichloroindophenol titration [27] . The results were expressed as (mg/100 g). A 2 g sample of cantaloupe pieces was homogenized with 10 mL of 100 g/L trichloroacetic acid and centrifuged at 12,000 rpm for 20 min to measure malondialdehyde (MDA) content. A 2 mL aliquot of supernatant was mixed with 2 mL of 0.67% thiobarbituric acid and incubated in boiling water for 15 min, cooled quickly and then centrifuged 20 min at 12,000 rpm. The absorbance of the supernatant was measured at (450, 532 and 600 nm), respectively [28] .
Water and Phenolic Enzyme Activities Measurements
Water activity (AW) was determined by using a water activity meter (Decagon Devices, Pullman, WA, USA). The peroxidase (POD) reaction solution (2 mL) contained 20 mM phosphate buffer (pH 6.5), 20 Mm guaiacol, 40 mM H 2 O 2 , and 0.1 mL enzyme extract. The reaction solution absorbance was determined every 40 s at 470 nm. POD activity was calculated as an adjustment of 0.01 in absorbance/minute [29] . Cantaloupe tissues (4 g) were homogenized with 0.1 M Na 2 HPO 4 -NaH 2 PO 4 buffer (pH 6.5) containing 2% insoluble polyvinyl pyrrolidone for measuring polyphenol oxidase (PPO) activity. PPO activity was examined with catechol as a substrate. The enzyme solution (0.2 mL) was added to (2.8 mL) of 10 mM catechol in 0.01 M sodium phosphate buffer (pH 6.5). PPO activity was calculated as the amount of enzyme which caused an adjustment of 0.001 in the absorbance/minute at 410 nm [29] .
Statistical Analysis
All measurements were analyzed using the test of the SPSS 16.0 software and the results are expressed as mean ± standard deviation (SD). Analysis of variance (ANOVA) was used to evaluate differences between treatments. p-values was significantly lower than 0.05. Figure 1 shows the total mold and yeast population counts of coated cantaloupe samples with or without nano-treatment. The microbial population growth was comparable for total mold and yeast population counts [30] . The high sugar and pH contents can promote microbial growth [31] . The uncoated samples reached the highest microbial limit earliest during the whole storage which was 8 days. When coatings combined with TiO 2 , all coated samples had lower fungal growth compared to the control. The reduction of fungal growth in coated samples can be due to the chitosan combination with nano-material [32, 33] .
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Juice Leakage and Color
Juice leakage increased in the samples during storage was observed in all treatments due to transpiration and respiration. As shown in Table 1 , the films could diminish the increase in the juice leakage, while the juice leakage of the uncoated samples was the highest. On the 8th day, the juice leakage of cantaloupe treated with the CH/TiO 2 film was 0.93% lower than the other treatments. It was apparent that the treatment of cantaloupe with a CH/TiO 2 film could inhibit juice leakage and can maintain fruit weight in chilled storage. The same results were also proved which performed semi-films and prevent juice leakage [9] . Lightness (L*) values ranged from 26 to 38 on day 0. Though a little particular trend was established of fruit lightness, CH/TiO 2 /TT samples remained lighter (Figure 2a ). Uncoated and CH samples showed more signs of darkening. CH/TiO 2 treatment affected (p > 0.05) the redness degree (a* values) in a comparison to the control samples ( Figure 2b ). The value of b* for uncoated samples is significantly higher than that of CH/TiO 2 /TT at days 4, 6 and 8 (Figure 2c ). This result recommends that nano-coating preserved the yellowness to a certain grade. The same results for color determination have been estimated for CH and control samples [34] .
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Chemical Analysis
Initial ranges of pH and TAA of ready-to eat cantaloupes were 5.18%-5.95% and 0.09%-0.18% citric acid, respectively. Based on Table 2 , the decrease in pH for uncoated ready-to eat cantaloupes was sooner than that treated with CH as observed on 8th day. The decrease in pH and acidity increase during storage of ready-to eat cantaloupes correlated well with the microbial growth population. Uncoated cantaloupes which had high microbial growth demonstrated a faster rate of pH decrease and acidity increase during the storage time. On 8th day, the TAA values of all the coated cantaloupes were higher (p ≤ 0.05) though CH and nano-TiO2/TT in the different coating treatments. The TAA of ready-to eat cantaloupes generally corresponded to the examined pH of cantaloupe multi layers edible coatings [6] .
Initial TSS of ready-to eat cantaloupes were 9.56°Brix ( Table 2) . TSS of ready-to eat cantaloupes remained constant during the storage between all treatments except CH/TiO2/TT. TSS content increased after the 2nd day of storage may be due to ripening and loss of water, but slightly then decreased during due to the respiration [35, 36] . The chilling resulted in low respiration and insignificant changes in TSS [37] . 
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Initial TSS of ready-to eat cantaloupes were 9.56 • Brix ( Table 2) . TSS of ready-to eat cantaloupes remained constant during the storage between all treatments except CH/TiO 2 /TT. TSS content increased after the 2nd day of storage may be due to ripening and loss of water, but slightly then decreased during due to the respiration [35, 36] . The chilling resulted in low respiration and insignificant changes in TSS [37] .
Analogously, the results in Table 2 revealed a significant decline in ascorbic acid value of uncoated cantaloupe alongside the storage time. Though, the decrease rate in ascorbic acid content was slower in CH/TiO 2 /TT sample compared with other treated samples. The initial ascorbic acid content of cantaloupe fruit was 22.19 mg/100 g. On 8th day, ascorbic acid contents of cantaloupe fruits treated with CH coating and CH/TiO 2 /TT film were maintained in the levels of 22.18 and 22.15 mg/100 g, respectively, on the other side CH/TiO 2 sample was 22.46 mg/100 g. CH/TiO 2 combination was much more effective in increasing the content of ascorbic acid. Date was also identified in cantaloupe preservation using the film of chitosan and nano-silica [6] .
MDA could specify the degree of the cytoplasmic membrane oxidation. As shown in Table 2 , MDA content of CH/TiO 2 /TT coating (0.12 nmol/g) was lower than the uncoated samples (1.80 nmol/g; p < 0.05) on day 8. Cantaloupes treated with nano-TiO 2 coating delayed the MDA increase, due to the higher POD activity (Figure 3a) . Similar research proved that the MDA content was the lowest [38] . Analogously, the results in Table 2 revealed a significant decline in ascorbic acid value of uncoated cantaloupe alongside the storage time. Though, the decrease rate in ascorbic acid content was slower in CH/TiO2/TT sample compared with other treated samples. The initial ascorbic acid content of cantaloupe fruit was 22.19 mg/100 g. On 8th day, ascorbic acid contents of cantaloupe fruits treated with CH coating and CH/TiO2/TT film were maintained in the levels of 22.18 and 22.15 mg/100 g, respectively, on the other side CH/TiO2 sample was 22.46 mg/100 g. CH/TiO2 combination was much more effective in increasing the content of ascorbic acid. Date was also identified in cantaloupe preservation using the film of chitosan and nano-silica [6] .
MDA could specify the degree of the cytoplasmic membrane oxidation. As shown in Table 2 , MDA content of CH/TiO2/TT coating (0.12 nmol/g) was lower than the uncoated samples (1.80 nmol/g; p < 0.05) on day 8. Cantaloupes treated with nano-TiO2 coating delayed the MDA increase, due to the higher POD activity (Figure 3a ). Similar research proved that the MDA content was the lowest [38] . Figure 3a shows the effects of coating treatments on the POD activity of fresh-cut cantaloupes. Generally, cantaloupes had lower POD activity as compared to the other uncoated samples (day 0) regardless of treatments. This could be due to the low O2 level developed in the fruit coatings [39] ; and the possible reduction of carotene which can be one of the important factors of POD activity [40] . On the other hand, CH/TiO2/TT samples had higher POD activity as compared to other samples during storage. Figure 3b presents the effects of coating on PPO activity in ready-to eat cantaloupes. PPO is an enzyme which oxidizes phenolic compounds thereby producing quinones, which is then converted to brown pigments known as melanins [41] . It is known that O2 is required for PPO activity to occur. The packages of ready-to eat cantaloupes produced low O2 concentration, which could explain the reduction of PPO activity in the samples [3] . Thereafter, the PPO activity remained constant throughout the storage for samples treated with CH or nano-TiO2 without significant difference (p > 0.05). In a word, CH/TiO2/TT treatment slightly influenced the PPO activity of cantaloupes. These results could be due to oxidizable phenols in cantaloupe [42] . Generally, the maintenance of POD and PPO activities in CH/TiO2/TT samples indicated the presence of consistent abiotic stress in these samples during storage as compared to uncoated samples.
Phenolic Enzymes and Water Activity
The AW can define as the free moisture content (MC). CH/TiO2/TT-treated sample had a lower AW than uncoated sample (p < 0.05). This result can be due to CH/TiO2/TT-treated samples contained antimicrobial agents, which promoted the interaction of water and sugar molecules via hydrogen bond [43] .
Conclusions
Nano-titanium dioxide based on thymol, tween and their combination with chitosan coating films were effective for extending cantaloupes shelf life. The chitosan/nano-titanium dioxide/thymol/tween (CH/TiO2/TT) film was the most effective at controlling mold and yeast population growth, phenol enzymes, total soluble sugar and malondialdehyde, while chitosan/nanotitanium film (CH/TiO2) had only an effect on ascorbic acid and juice leakage. Chitosan film (CH) decreased the brightness of cantaloupe fruits during storage time.
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